Background: Prior to implementation of the Medicare drug benefit, we estimated the prevalence of costrelated medication nonadherence (CRN) among Medicare enrollees, including elderly and nonelderly disabled beneficiaries.
R
ECENT RESEARCH CORROBOrates anecdotal reports of elderly Americans stretching or not filling prescription medications owing to unaffordable out-of-pocket drug costs, a problem that contributed to the Congressional passage of a Medicare drug benefit. [1] [2] [3] Such cost-related medication nonadherence (CRN), previously estimated to occur in about one fourth of the elderly, 1 is associated with reductions in health status, increased risks of adverse cardiac events, 4 and increased use of emergency and institutional services. 5, 6 No equivalent data exist for the approximately 6.3 million nonelderly disabled Americans eligible for coverage under Medicare, 7 despite their higher burden of illness and use of medications, higher prevalence of poverty, and lower rates of drug coverage. [8] [9] [10] [11] In addition, little is known about how often disabled and elderly Americans engage in other drug cost reduction behaviors such as using generic drugs instead of brand name drugs, receiving free drug samples, shopping to compare drug prices, or buying medications on the Internet or from Canada. 1, 12, 13 Information on the relationships between the burden of chronic illnesses, generosity of prescription drug coverage, and CRN is also limited. Prior to implementing the Medicare drug benefit, which aims to ameliorate financial access barriers faced by beneficiaries, obtaining baseline estimates of CRN will enable us to gauge the success of the program in the near and longer term. 14 The Medicare Current Beneficiary Survey (MCBS) is a continuous face-to-face panel survey of a national sample of approximately 16 000 Medicare beneficiaries conducted by the Centers for Medicare and Medicaid Services (CMS) since 1991. In 2004, the MCBS incorporated a detailed and well-validated module of questions on CRN developed by the study team, which will enable longitudinal assessments of the impact of the new Medicare drug benefit on CRN.
Using these newly added MCBS measures of CRN, we examined (1) the prevalence of CRN among elderly and nonelderly disabled Medicare beneficiaries approximately 1 year prior to implementation of the Medicare drug benefit and (2) the associations of socioeconomic status (SES), prescription drug coverage, and the burden of chronic illness with CRN, controlling for demographic characteristics. We also assessed the extent of several drug cost-reducing strategies measured in the MCBS. Because of the higher rates of poverty and morbidity of younger disabled beneficiaries compared with other Medicare enrollees, we stratified all analyses according to disability status.
METHODS

DATA SOURCE AND SAMPLE
The multistage MCBS sample is drawn from the national Medicare enrollment files from the CMS, using geographic primary sampling units (n=107), which consist of groups of counties that are representative of the nation as a whole and ZIP codes within them. Systematic random samples are selected within age strata in each sampled ZIP code.
Respondents are interviewed in person 3 times a year using computer-assisted personal interviewing, resulting in high response rates (initially, approximately 85%). The typical MCBS interview lasts approximately 1 hour. Annual interview cycles begin with the fall interview, which includes questions on demographic and household composition, income, health behaviors, access to medical care, health insurance, health status, and health care utilization.
The measures of CRN presented herein were collected in the fall 2004 MCBS, which included 14 500 noninstitutionalized elderly and nonelderly disabled Medicare beneficiaries.
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MEASURES OF HEALTH STATUS, SES, AND DRUG COVERAGE
To measure health status, we used data on the number of selfreported categories of chronic medical conditions collected in the MCBS, including cardiovascular disease, hypertension, stroke, cancer, diabetes, arthritis, dementia, psychiatric disorder (including depression), neurological conditions (other than stroke), pulmonary illness (including asthma and chronic obstructive pulmonary disease), as well as the existing MCBS measure of self-rated health status (excellent, very good, good, fair, and poor), which strongly predicts mortality and other health outcomes. 16 We also measured the number of limitations in activities of daily living (ADL) (0, 1-2, and Ն3).
17,18
We reported income in the following categories: lower than $10 000; $10 001 to $20 000; $20 001 to $40 000; and higher than $40 000. The 2 lowest income categories roughly correspond to the 100% and 200% federal poverty thresholds. 19 We also reported race (African American, white, or other); whether Hispanic; education level (less than high school or high school or more); and type of health insurance coverage for prescription drugs in the last year. 1, 20 We defined 3 levels of drug coverage: no coverage, partial coverage (Medicare health maintenance organization, self-purchased Medicare supplement with drug coverage, or state-sponsored low-income plans), and generous drug coverage (employer-sponsored coverage or Medicaid drug coverage). Plans classified "partial coverage" have been consistently found to offer more limited benefits, including higher cost sharing and lower spending allowances, 1, [20] [21] [22] compared with Medicaid and employer-sponsored plans, which have been shown to be fairly similar in their coverage generosity and breadth. 3, 20 We separately categorized those with Medicaid and employer-sponsored coverage because of differences in population and coverage characteristics.
MEASURES OF CRN AND COST REDUCTION STRATEGIES
We collaborated with CMS staff to develop, pilot test, and integrate into the MCBS 3 measures of CRN based on the following previously validated measures 1 : (1) did not fill a prescription because it was too expensive, (2) skipped doses to make the medicine last longer, and (3) took less medicine than prescribed to make the medicine last longer. All items were asked with reference to the current survey year. The first item was only asked of respondents who reported having not obtained 1 or more of the medicines prescribed for them during the current survey year. This subgroup was asked how many times they did not fill a prescription because it was too expensive. For the other 2 CRN items, response options were "often," "sometimes," and "never." We analyzed these as binary variables (ie, 1 if often or sometimes and 0 if never).
Finally, we analyzed updated MCBS measures of several drug cost reduction strategies, including using generic drugs, purchasing prescriptions via mail or on the Internet; receiving prescription samples from a physician; comparing prices/ shopping for best prices; purchasing prescriptions from outside the United States, and spending less on food, heat, or other basic needs to afford medicines. Possible responses were "often," "sometimes," and "never," and analyses were based on binary indicators (often/sometimes vs never).
STATISTICAL ANALYSIS
We conducted all analyses separately for nonelderly disabled enrollees vs elderly enrollees (65 years and older). First, we described the demographic and health characteristics of the study population and determined rates of CRN and drug cost reduction behaviors by demographic, SES, insurance, and health variables. To appropriately construct national estimates, MCBS sampling weights were applied using methods prescribed in the MCBS technical documentation. 23 We used logistic regression to construct adjusted confidence intervals (CIs) for each study outcome and stratum and to estimate the influence of each variable, controlling for demographic characteristics. 24 The c statistics for these logistic regressions ranged from 0.6 to 0.7, indicating adequate goodness of fit.
RESULTS
The fall 2004 study sample included 2321 nonelderly disabled and 11 514 elderly Medicare enrollees ( Table 1) . Women comprised 47.2% of the disabled enrollees, compared with 57.1% of the seniors ( Table 2) . Compared with the elderly enrollees, nonelderly disabled enrollees were more predominantly male, nonwhite, and significantly poorer. Nearly half of the disabled enrollees (47.4%) had household incomes below $10 000, compared with 16.7% of the elderly. Disabled enrollees were also much more likely than the elderly to be in fair to poor health (58.0% vs 21.2%). Compared with the elderly enrollees, the disabled enrollees were equally likely to have no prescription drug coverage (35.5% vs 35.3%), half as likely to have employer coverage (18.6% vs 34.9%, respectively), and 5.5 times more likely to have Medicaid coverage.
Approximately 29% of the disabled and 13% of the elderly enrollees reported CRN, predominantly based on measures of skipping doses or taking smaller doses to delay a new fill (Table 1) . Overall, 4.4% of respondents reported failing to obtain 1 or more medications prescribed for them in the previous year; concern about cost was the predominant reason reported (79.4% of these respondents) for not filling prescriptions. The likelihood of CRN was strongly related to both health and functional status ( Table 2) .
About 70% of all Medicare enrollees engaged in 1 or more drug cost reduction strategies ( The prevalence of CRN did not differ significantly across morbidity categories (Table 2) , although seniors with a psychiatric disorder had somewhat higher reported rates of CRN (18.8%) compared with those with other chronic illnesses (12.1% to 14.7%). However, the total burden of morbidity strongly predicted the likelihood of CRN. Among the disabled enrollees, 43.1% of those with 5 or more morbidities reported CRN compared with 13.7% of those with no reported morbidities (PϽ.001) ( Figure 1) ; among seniors, corresponding rates were 17.6% and 6.7% (PϽ.001), respectively. Similarly, the number of morbidities reported was strongly associated with the prevalence of drug cost reduction strategies ( Figure 1 ). Poor self-rated health status was also strongly associated with CRN (Figure 2) . Among the disabled enrollees, 40.1% of those in poor health reported CRN compared with 8.0% of those in excellent health; among seniors, 20.6% of those in poor health reported CRN compared with 7.9% of those in excellent health. Figure 3 suggests that the availability of more generous prescription drug coverage (ie, through employers or Medicaid) tended to attenuate the large differences in the prevalence of CRN associated with the high burden of morbidity among both disabled and elderly enrollees. For example, among disabled enrollees with 4 or more morbidities, reported rates of CRN were twice as high for those with no coverage (51.8%) than for those with Medicaid coverage (26.2%); however, among those with 0 to 1 reported morbidities, this disparity in reported CRN was greatly reduced (20.1% vs 15.7%, respectively). Among the elderly, the reductions in reported CRN due to more generous coverage were smaller for those with multiple morbidities. As shown in Table 2 , prevalence of CRN is also positively associated with functional limitations. Table 3 reports the adjusted odds of CRN among the disabled and elderly enrollees by SES, health insurance status, and health status variables, controlling for demographic characteristics. For the elderly population, younger age, female sex, black race, lower income, poor health, more morbidities, and less generous drug coverage resulted in significantly higher odds of CRN. Compared with those with Medicaid drug coverage, which has the lowest levels of cost sharing, the adjusted odds ratios (ORs) of CRN were 2.8 (95% CI, 2.0-3.8) among those with no drug coverage, 2.0 (95% CI, 1.5-2.7) for those with partial coverage, and 1.6 (95% CI, 1.2-2.2) for enrollees with employer coverage. Similarly, for disabled people, poor health, more morbidities, and less generous drug coverage were also associated with significantly higher odds of CRN. As observed in the univariate analyses, controlling for demographic factors, both poor general health and multiple morbidities were among the strongest predictors of CRN for the disabled enrollees (OR for poor health, 3.9 [95% CI, 1.7-9.2] com- Table 1 footnote for exclusions.
pared with those in excellent health; and OR for Ն4 morbidities, 2.7 [95% CI, 1.7-4.1] compared with enrollees with 0-1 morbidity).
COMMENT
Out-of-pocket drug costs continue to outpace the incomes of vulnerable elderly and disabled Americans with chronic disease. 25, 26 Although millions of elderly and disabled are likely to benefit from the new Part D drug coverage, its high cost-sharing provisions nearly guarantee that cost-related nonadherence will represent a continuing problem for many Medicare enrollees. 14, [27] [28] [29] This study provides nationally representative data on CRN and drug cost reduction strategies from the largest face-to-face panel survey of Medicare enrollees 1 year before the implementation of Part D. The study underlines the high rates of economic barriers to adherence among both elderly and nonelderly disabled Medicare beneficiaries, especially those with multiple morbidities. Cost-related medication nonadherence rates were highest among disabled beneficiaries, suggesting the particular importance of monitoring how this group, previously described as the "forgotten population," 11 fares in Part D plans. Those dually enrolled in Medicare and Medicaid were required to select a Part D plan for prescription coverage, with the cessation of Medicaid drug coverage for this group. This group, too, will be important to monitor under Part D plans, many of which have higher cost sharing and more restrictive formulary limitations than Medicaid did.
14 Of low-income beneficiaries not eligible for Medicaid, most will qualify for the low-income subsidy program, which provides substantial help with medication costs, but lowincome subsidy enrollment has thus far been limited. 30 For the elderly, 12.6% reported nonadherence owing to cost and 72.7% reported drug cost-reducing strategies such as buying on the Internet or from Canada or using generics or free samples. However, among the nonelderly dis- Table 1 footnote for exclusions. Table 1 footnotes for exclusions and numbers of enrollees.
†Indicates the reference group.
abled enrollees, 29.4% reported stretching or not filling medications owing to cost concerns and 70.7% attempted to cut drug costs. The greater rates of CRN among disabled individuals may reflect the severity of the disabilities that qualify them for Medicare eligibility (eg, schizophrenia, AIDS, or kidney dialysis), poorer general health, lower incomes, or less generous drug coverage. High rates of cognitive impairments and neurological illnesses may interact with low discretionary incomes and poor insurance to further exacerbate this problem.
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Unfortunately, enrollees with poorer self-rated health status, greater burden of chronic illness, and more functional limitations were found to be at the higher risk of CRN. Such cost-related barriers may undermine the management of chronic illness because of nonadherence to medication regimens. Generosity of drug coverage substantially reduces the rate of CRN among those with the highest burden of morbidity. This is most apparent among the disabled enrollees; half of those with 4 or more morbidities and no drug coverage skipped doses or prescriptions compared with one quarter of similar individuals with Medicaid coverage. Nevertheless, both disease burden and coverage level appear to independently affect rates of CRN.
Among elderly Medicare enrollees, the findings in this study are generally consistent with previous studies of cost-related medication skipping, though rates are slightly lower than those reported by studies relying on self-administered questionnaires. [1] [2] [3] 31, 32 An earlier study of disabled Americans in 1995 found a prevalence of CRN of less than 5% 8 ; however, that study included a large number of privately insured and younger disabled individuals who were not as poor or sick as disabled Medicare enrollees, and the open-ended question regarding cost likely resulted in underestimates of rates of CRN.
A unique strength of this study is that it used wellvalidated measures to provide the most detailed estimates of CRN among nonelderly disabled Medicare beneficiaries and was the first direct comparison, to our knowledge, of CRN between nonelderly and elderly Medicare beneficiaries. The data also provide evidence of the importance of drug cost reduction strategies to a majority of enrollees-some favorable and some more concerning. For example, about half of respondents reported using generic instead of brand name drugs or comparing drug prices, both generally considered to be positive and proactive strategies for reducing the burden of medication costs. However, a substantial proportion of enrollees and almost one quarter of the disabled beneficiaries reported cutting back on basic needs to be able to afford their medications, and many beneficiaries reported receiving free drug samples from their physicians, who often provide unreliable supplies of more expensive brand name drugs. 33 The study has several relevant limitations. First, the results may actually underestimate the true level of CRN because 1 aspect of CRN, failing to fill a medication because of cost, was only asked of respondents who had earlier reported not obtaining a prescribed medication. Previous studies suggest that rates of CRN may have been 3 to 5 percentage points higher if the question about "not filling because of cost" were asked of all respondents. 1, 3 In addition, since 8% of beneficiaries take no prescription medicines, our rates may somewhat understate CRN rates among those who do. 10 The current MCBS data cannot identify which medications respondents reported reducing because of cost, since MCBS questions on medication-specific CRN have not yet been administered. However, available evidence suggests that patients' costbased choices among their medicines may not be wellaligned with clinical priorities. 34 Another limitation of the available data is that we are unable to quantify the extent to which higher medication costs and poor health independently or jointly predict higher rates of CRN.
What are the implications of these findings for the Medicare drug benefit? Ultimately, many enrollees will be substantially helped by lower drug cost sharing under the Medicare Modernization Act, including lowincome enrollees without Medicaid coverage who receive subsidies. In addition, those who previously had insurance with high cost sharing will experience lower copayments under Part D. However, enrollees who transitioned from Medicaid plans may experience greater risk of CRN under Part D, which often requires higher cost sharing and more formulary restrictions than in Medicaid. Future studies will need to monitor those who transitioned from Medicaid coverage in January 2006 to determine whether the new Part D coverage sustains the relatively high rates of medication adherence in this vulnerable group. Our data support previous evidence that individuals with Medicaid/ Medicare dual eligibility had lower rates of CRN compared with other beneficiaries before automatic enrollment in Part D. 1, 3 The Medicare drug benefit is a complex program expansion with many unknown consequences. Much of the focus of the legislation has been on low-income individuals. Interestingly, health status proved to be at least as important as income in predicting CRN. Burden of chronic illness was strongly associated with CRN, but this relationship was attenuated by generous drug coverage. This study highlights the urgency of carefully monitoring the impacts of Part D coverage on CRN and on the use of other cost reduction strategies, especially in specific high-risk groups. Data from the first several years of implementation can help to identify ways to modify the program to maximize access to essential medications for the most vulnerable Medicare enrollees. 
